Background: Emergency admissions from nursing homes (NHs) are associated with high mortality. Understanding the predictors of early mortality in these patients may guide clinicians in choosing appropriate site and level of care. Methods: We identified all consecutive admissions from NHs (all ages) to an Acute Medical Assessment Unit between January 2005 and December 2007. Analysis was performed at the level of the admission. The predictors of in-patient mortality at 7 days were examined using a generalized estimating equations analysis. Results: A total of 314 patients [32% male, mean age: 84.2 years (SD: 8.3 years)] were admitted during the study period constituting 410 emergency episodes. Twenty-three percent of admissions resulted in hospital mortality with 73% of deaths occurring within 1 week (50% within the first 3 days). For 7-day mortality outcome, patients with a modified early warning score (MEWS) of 4-5 on admission had 12 times the odds of death [95% confidence interval (CI) 1.40-103.56], whereas those with a score of 56 had 21 times the odds of death (95% CI 2.71-170.57) compared with those with a score of 41. An estimated glomerular
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Background: Emergency admissions from nursing homes (NHs) are associated with high mortality. Understanding the predictors of early mortality in these patients may guide clinicians in choosing appropriate site and level of care. Methods: We identified all consecutive admissions from NHs (all ages) to an Acute Medical Assessment Unit between January 2005 and December 2007. Analysis was performed at the level of the admission. The predictors of in-patient mortality at 7 days were examined using a generalized estimating equations analysis. Results: A total of 314 patients [32% male, mean age: 84.2 years (SD: 8.3 years)] were admitted during the study period constituting 410 emergency episodes. Twenty-three percent of admissions resulted in hospital mortality with 73% of deaths occurring within 1 week (50% within the first 3 days). For 7-day mortality outcome, patients with a modified early warning score (MEWS) of 4-5 on admission had 12 times the odds of death [95% confidence interval (CI) 1.40-103.56], whereas those with a score of 56 had 21 times the odds of death (95% CI 2.71-170.57) compared with those with a score of 41. An estimated glomerular filtration rate (eGFR) of 30-60 and <30 ml/min/m 2 was associated with nearly a 3-fold increase in the odds of death at 1 week (95% CI 1.10-7.97) and a 5-fold increase in the odds of death within 1 week (95% CI 1.75-14.96), respectively, compared with eGFR > 60 ml/min/m 2 . C-reactive protein (CRP) >100 mg/l on admission was also associated with a 2.5 times higher odds of death (95% CI 1.23-4.95). Taking eight or more different medication items per day was associated with only a third of the odds of death (95% CI 0.09-0.98) compared with patients taking only three or fewer per day. Conclusion: In acutely ill NH residents, MEWS is an important predictor of early hospital mortality and can be used in both the community and the hospital settings to identify patients whose death maybe predictable or unavoidable, thus allowing a more holistic approach to management with discussion with patient and relatives for planning of immediate care. In addition, CRP and eGFR levels on admission have also been shown to predict early hospital mortality in these patients and can be used in conjunction with MEWS in the same way to allow decision making on the appropriate level of care at the point of hospital admission.
Introduction
As the ageing population continues to grow, there is an expected parallel increase in the number of people requiring nursing home (NH) care. This is because a number of chronic conditions causing physical or mental disability and/or frailty such as stroke and dementia are commonly associated with or progress with age. Such an increase in the NH population will ultimately have an impact on acute hospital services with a greater number of emergency hospital admissions coming from NHs. 1 A significant proportion of the admissions from NHs have been identified in the literature as being avoidable by establishing good communication between healthcare workers, the patient and their relatives [2] [3] [4] including sharing of data between primary and secondary care and advanced care planning. 5 Reducing such avoidable admissions will help in channelling savings made towards improved care for them in both health and social care settings. 6 NH residents who are admitted as emergency to hospitals often have a higher mortality compared with admissions from similar community-dwelling age groups. 7, 8 Such mortality usually occurs early on in the admission and is associated with the stress of dying in an unfamiliar environment. 9 The aim of this study was to identify easily available clinical and laboratory predictors of early death in NH residents admitted to hospital as medical emergencies. We believe that such indicators may help to identify patients at greatest risk of dying in the community and during the acute hospital admission and will guide health care professionals in offering appropriate level of care based on the patient's pre-morbid state, quality of life and expected outlook from treatment.
Materials and methods
We analysed data from a prospective audit of emergency admissions admitted to the Acute Medical Assessment Unit of a large UK District General Hospital between January 2005 and December 2007. The hospital covers the town of Ipswich and surrounding areas in the county of Suffolk in the East of England, UK, with a catchment population of $360 000.
The project was conducted as a clinical service improvement project to monitor the outcomes including mortality and readmissions of emergency admissions from NHs and, therefore, received the institutional approval from the Clinical Audit Department. Data were collected in accordance with the Caldicott principles and analysed using anonymous audit data. Only clinical teams who looked after the patients collected the data and had access to patient identifiable information; other authors who were not involved with patient care did not have access to identifiable information in line with National Information Governance Board guidelines in the UK. Furthermore, data are presented in an anonymous and aggregated fashion, and hence, formal ethical review was not required for this report.
All consecutive admissions from NHs (all ages) admitted during the monitoring period were prospectively identified, and their medical records were reviewed. Two authors (S.J.S. and J.P.), then senior specialist registrars in acute medicine, collected the data using a standardized data collection form. All relevant documents including referral letter or ambulance record, hospital accident and emergency department records and acute admission case records and electronic hospital information system, patient administrative system (PAS), were reviewed.
Predictor variables
From the audit data, we chose data for the clinical signs that can be reliably performed by community doctors as potential predictors. These included systolic blood pressure (SBP), pulse rate, respiratory rate (RR), temperature and Glasgow Coma Scale (GCS). In addition, we also selected potential predictors such as C-reactive protein (CRP), urea and electrolytes, co-morbidities and medication use at admission. Modified early warning score (MEWS) 10 was calculated using the following parameters: SBP, heart rate, RR, temperature and an estimation of the Alert/ response to Verbal prompt/response to Pain/ Unresponsive (AVPU) level/score from the GCS score based on the recognized severity levels, 11, 12 where a score of 0 was taken to be a GCS of 15, score of 1 equal to a GCS of 13-14, score of 2 equal to GCS 9-12 and a score of 3 equal to GCS <9. First recorded parameters were used for standardization purposes. Estimated glomerular filtration rate (eGFR) was calculated based on the age and creatinine level using the Chronic Kidney Disease Epidemiology Collaboration formula. 13 
Outcome measures
Deaths within the first week of admission were defined as the outcomes of interest in this study, although the cause of death as per death certificate was not recorded. All cause mortality was ascertained using the PAS, an electronic record system that records the movement of patients within and between hospitals and also reports whether an individual is alive or dead at any given time through a system whereby local general practitioners report deaths that occur in the community. The system also captures all admission episodes and is recognized as a pragmatic follow-up method in the UK NHS setting.
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Statistical analysis
For the purpose of this study, both first and recurrent admissions were considered. Patient characteristics were examined based on the data of first admissions only (i.e. at the patient level), but the main analysis was conducted on all 410 admission episodes that occurred during the audit period.
A generalized estimating equations (GEE) analysis method was employed to allow for within-patient correlations between repeated patient admissions. The GEE analysis method assumed a binary outcome variable: in-hospital death within 7 days. In the first stage, univariate analyses were performed whereby only one explanatory variable was included at a time in separate GEE models. In the second stage, only those variables that were significant at 10% level were included in a further multivariate GEE model. Multivariate models allow us to evaluate the effect of several variables at once after adjusting for other variables. This confirmed which variables were particularly important in the prediction of in-hospital mortality for both outcomes, after adjusting for other variables. An exchangeable correlation structure was used for all GEE models. Robust Z-scores were presented as well as odds ratios with corresponding 95% confidence intervals (CIs). All analyses were performed using R software version 2.14.0 16 by medical statisticians (R.P. and R.H.).
Results
There were a total of 314 NH patients included in the study during the 36-month study period. Of these, 69 (22%) had at least two admissions during the study period and 19 (6%) had at least three. There were 99 males (32%), and the mean age of study group was 84.2 years (SD: 8.3 years). The maximum number of readmissions was five (N = 1). Table 1 shows sample characteristics for the first admissions of all patients. Respiratory (N = 117, 37%), cardiovascular (coronary heart disease and stroke) (N = 89, 28%) and urinary tract infections (N = 37, 12%) were the three major diagnoses leading to acute hospital admissions in this population. Initial univariate analysis showed that age, MEWS and CRP were positively correlated with 1-week mortality, whereas polypharmacy and eGFR were inversely related to it. A presenting complaint of pneumonia and a medical history of falls were also significant predictors (at 10% level of significance) of death within 1 week for NH patients admitted to hospital. Therefore, a multivariate GEE model was fitted with the variables gender, age at admission, MEWS, poly-pharmacy, eGFR, CRP, pneumonia and a medical history of falls all appearing as explanatory variables in the same statistical model, and the results are presented in Table 2 .
At 5% level of significance age at admission, pneumonia, and history of falls were found to have no significant effect on the probability of mortality within 1 week after adjusting for the other variables in the model. Although polypharmacy did not have significant robust Z-scores for the individual levels, an overall test for trend for this variable gave a significant Z-score of À2.61. MEWS, polypharmacy, eGFR and CRP were all significant independent predictors of mortality within 1 week.
The group of patients with a MEWS of 4-5 were estimated to have a 1-week odds of mortality, on average, $12 times higher (95% CI 1.40-103.56) than the reference group of patients admitted with a MEWS of 0-1. The group of patients with a MEWS of 6 or more were estimated to have an odds of mortality, within 1 week, $21 times higher on average (95% CI 2.71-170.57) compared with patients admitted with a MEWS of 0-1, but the 95% CIs are extremely wide reflecting the limited numbers within each category.
Patients with a low eGFR of <30 ml/min/m 2 were significantly more likely to die within 1 week of admission compared with patients with a high eGFR of 60 ml/min/m 2 or more, even after adjusting for the other variables. Patients with a low eGFR of <30 ml/ min/m 2 are estimated to have an odds of mortality within 1 week that is $five times higher on average (95% CI 1.75-14.96, robust Z 2.99) compared with patients with eGFR > 60 ml/min/m 2 . On average, patients with a CRP >100 mg/l were significantly more likely to die within 1 week of admission compared with patients with CRP 4100 mg/l, even after adjusting for other variables. The odds of dying within 1 week are estimated to be $2.47 times greater on average (95% CI 1.23-4.95) for those patients with CRP >100 mg/l.
Discussion
This study shows that 23% of admissions from NHs resulted in death (96 of 410 admission episodes) with nearly three-quarters of deaths occurring within the first week and half in the first 3 days of admission. These results are in keeping with published data and highlight an important aspect in the understanding of predictors of early death in the management of such patients. Palliative care may be an important treatment option and may require consideration early on for selected individuals within such a high-odds cohort. The current population trend that is being witnessed, especially in the western world, will ultimately lead to an expansion of the NH resident population as the majority of these people are frail elderly individuals with a number of comorbidities and disabilities. 17 Such individuals also suffer from frequent intercurrent illnesses that often require hospitalization. 18 This means that acute hospitalizations from NHs will continue to increase where already the rate of hospitalization of NH residents is twice the rate of community residents. 19 This will put an added strain on already stretched resources. Current evidence shows that such admissions are costly and potentially avoidable.
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Barba et al. 6 have estimated that 2% of all acute hospital admissions in Spain are from NHs and that 17% of these patients died during the index admission with 30% dying in the first 48 h. They also estimated that the cost of these admissions over 1 year is enough to run a 300-to 400-bed hospital. Ouslander et al.
2 estimated the cost of avoidable hospitalizations from NHs to be between $42 and $71 million, an amount that can support the availability of a nurse practitioner or physician assistant in every NH in Georgia, USA 5 days a week.
Our own experience in this field has shown that 27% of NH residents admitted acutely to hospital die during the index admission with nearly 40% dying within the first 24 h. 21 Similar statistics have been obtained elsewhere, and in general, the mortality rate of acutely hospitalized NH residents ranges between 10% and 30% depending on country and region of the study. 6, 18, 20 To aid appropriate decision making, it is necessary to identify those who are at the greatest odds of early death during acute illness in this population. This will help primary care physicians in making admission decisions perhaps in conjunction with hospital clinicians and will also assist clinicians at the front door in making appropriate resuscitation and site of care (High Dependency Unit/Intensive Treatment Unit) and palliative care decisions. A number of studies have identified predictors of in-hospital mortality including age, respiratory failure, acute renal failure, 18 female gender, dementia, previous feeding tube, malignant disease, pressure sores and community-acquired pneumonia. 6 However, they did not focus on the predictors of early death to help clinicians in their daily clinical practice. As a result, to date, very little is known about what predicts early death in such individuals who present with an acute illness.
In this study, we found that MEWS, eGFR, CRP and polypharmacy were all significantly associated with an increased odds of death at 1 week. One interesting aspect of this is that the factors such as age, gender, pneumonia, history of cancer and level of mobility and independence that have been seen to be related to overall inpatient mortality in other studies showed no significant impact on 1-week mortality in our study after adjusting for other variables.
High MEWS revealed a very significant increase in likelihood of death in this patient group even at low scores with patients scoring 2-3 points having eight times the odds of dying compared with those with a score of 0-1. This odds increases further to a factor of 12 for scores of 4-5 (95% CI 1.40-103.56). A score of 6 and above was associated with an odds of dying within 1 week of hospitalization of more than 20 times the reference range (0-1). The MEWS is a validated clinical indicator of physiologic function and is a tool that is used extensively in daily medical and nursing practice to warn of impending deterioration in ill patients. 22 MEWS can be assessed out of hospital by nursing staff trained in using this tool and so would provide an important indicator of mortality before any decision is made to hospitalize. This may help the attending doctor to consider the case in more detail and allow for a more holistic evaluation of the patient based on individual circumstance.
Once admitted to the hospital, prognosis can be estimated using additionally available data such as CRP and eGFR. CRP >100 mg/l was associated with double the odds of death, whereas an eGFR < 30 ml/ min/m 2 was associated with a 5-fold odds of death within 1 week. CRP is an acute phase reactant that increases in acute inflammatory conditions such as sepsis, and its level correlates with the severity of the underlying process. 23 eGFR drops with kidney injury, and an acute drop may reflect the degree of physiologic insult producing such injury. It is unfortunate that our study was unable to attain higher numbers of admissions to allow for a scoring system to be derived from these parameters. A larger multicentre study is required to confirm the study findings, and a scoring system may be derived from such data.
As previously mentioned, the study aims to identify predictors of early mortality in a patient group that has a number of comorbidities because we believe that identifying patients with poor prognosis may help prevent avoidable hospitalizations that achieve little in the way of improving the patient's overall outlook. Indeed some studies have shown that increased hospitalizations are not associated with reduced mortality. 24 Some studies even show reduced mortality when residents are treated in the NH 25 or at the very least comparable with hospitalized patients. 26, 27 Importantly, such avoided admissions were associated with increased patient satisfaction and less cost. 27 However, it may prove difficult to change the trend of hospitalizations from NHs as many factors come into play when the decision is made to admit to hospital; many of them may not be based purely on medical or futility grounds. A survey by Buchanan et al.
3 identified a number of reasons for favouring admission to hospital over treatment in the NH, including patient preference (in some cases), quality of life, amount of discomfort from acute illness and family preference. Other non-clinical issues include NH resources, staffing levels and NH characteristics such as size, type of ownership and chain affiliation. Market forces such as competition from other NHs also appear to have an impact on hospitalization levels. The key issues for reducing hospitalizations are mainly to do with the presence of advanced care plans, availability of medical professionals such as doctors and NPs, the presence of patient records on site and access to patient notes by out-of-hours GPs and access to patient results. Good communication with patients and relatives has also been found to reduce the number of needless admissions.
Our study has limitations. Some of the variables included may have changed during the hospital stay (e.g. CRP level with antibiotic treatment), but we were unable to take into account such changes. Further, higher MEWS, low eGFR and high CRP might have influenced clinical decision making, and in such a case, no causal relationship can be applied. In addition, some parameters were estimates and not exact, for example, the MEWS and GFR, but given the widespread acceptability of the estimated GFR in clinical practice and the greater detail of the GCS scoring system over the AVPU score, we feel that such estimates did not reduce the quality of the results. Other possible confounding factors, such as weight, body mass index, nutritional status and anaemia, were absent from the analysis. There was also a lack of data on causes of death. All that, together with the retrospective nature of the study and the small population studied will limit the degree of interpretation that can be offered to the complex relationship between all factors that come into play during an acute illness that may lead to death. Nevertheless, we were still able to identify important predictors of early mortality during acute illness in this patient group, and we feel that our findings will certainly help clinicians in providing admission decisions as well as provision of appropriate level of care once admitted to hospital in this patient population. It may also help in deriving a prognostic scoring system based on the identified parameters in the future.
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